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GENERAL INTRODUCTION 
"Electronics technology dominates the industry of our 
age: everyday its grip on society tightens" (Gosling, 1979, 
p. 400). The incorporation of electronics technology into 
agricultural applications also dominates our age and shows no 
signs of relenting. Electronics applications have become 
vital to agriculture in areas such as power and machinery, 
food and feed processing, and environmental facilities. 
Electronic sensors, monitors, displays and control devices are 
commonplace in production agriculture and the industries 
related to agriculture. 
Countless discoveries and theories concerning electronics 
paved the way to today's technology. The major theories and 
laws were set forth in the 19th century, while the application 
of these laws in the development of electronic equipment was 
performed in the 20th century. Solid state technology began 
in 1947 with the invention of the transistor at Bell Labs. In 
the 1960s, the integrated circuit which utilized chip 
technology was developed. The introduction of the 
microprocessor in the early 1970s by Intel created another 
electronics revolution with the entire processing portion of a 
computer placed on a single, small, silicon chip (Floyd, 
1991). 
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These developments had far-reaching effects on 
agriculture. Electronic equipment provided farmers and 
growers with precise instrumentation for sensing, monitoring, 
measuring and controlling different operations. This reduced 
the drudgery of manually performing laborious and repetitive 
tasks, and in many cases, improved performance. (Holloway, 
1987) . 
The combine (grain harvester) can be used as an example 
to illustrate the wide range of electronics technology 
available today in a single machine. The combine incorporates 
automatic header height control devices, shaft speed sensors, 
grain loss monitors, computer controlled fuel delivery 
systems, engine warning indicators, hydraulic fluid flow 
control solenoids, digital readouts, circuit boards and 
electronic relays. 
As electronics technology changes and increases in usage, 
so does the need to educate persons who will be directly 
involved with that technology. According to Gaultney et al. 
(1984), technological advances have both complicated and 
simplified agricultural systems and college curricula have had 
to adapt to meet the changing needs of both employers and 
graduates. 
Agricultural mechanization curricula were initially 
developed nationwide to prepare trained professionals to 
bridge the gap between engineers and end users of agricultural 
equipment and machinery (Gaultney et al., 1984). These 
programs evolved to emphasize the application of physical 
technology to the production and processing of agricultural 
products (Esmay, 1986). In more recent years, agricultural 
mechanization curricula have increased the emphasis on 
management skills. Program name changes have occurred 
nationwide to reflect the increased management thrust. The 
American Society of Agricultural Engineers (ASAE) program 
recognition committee has adopted a new "umbrella" name, 
agricultural technology and management (ASAE, June, 1991). 
The Agricultural Systems Technology program at Iowa State 
University is an ASAE recognized agricultural technology and 
management program. The mission of the Agricultural Systems 
Technology program at ISU is to prepare men and women for 
careers requiring integration and application of agricultural 
technology, agricultural and biological sciences, and 
business, to manage human and natural resources and systems 
for producing, processing and marketing food and other 
biological products worldwide (Agricultural and Biosystems 
Engineering Department, ISU, 1990) . 
According to Slocombe (1987), several new courses should 
be considered in order for agricultural mechanization 
curricula to be proactive. These courses include conveying 
the principles and applications of electronic monitoring 
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systems, sensors, on-board computers, integrated circuits and 
solid state electronic devices. 
In order to prepare graduates for careers in an array of 
occupations, agricultural mechanization curricula must reflect 
current technology (Slocombe, 1987). 
At the time of writing, the author of this dissertation 
was a member of the Agricultural Systems Technology Curriculum 
Committee in the Agricultural and Biosystems Engineering 
Department at ISU and thus, very interested in curriculum 
development, revision and strengthening. A course in 
agricultural electronics does not currently exist in the 
Agricultural Systems Technology program at ISU. The term 
"agricultural electronics" as used in this dissertation 
includes instrumentation, microprocessors, monitors, sensors, 
and controls. 
The purpose of this research was to develop an 
agricultural electronics course to be taught in the 
Agricultural Systems Technology degree program at ISU. The 
specific objectives were: 
1. To determine the current status of agricultural 
electronics courses in the 27 ASAE recognized agricultural 
technology and management programs in the United States. 
2. To identify the content that should be included in an 
agricultural electronics course. 
3. To determine the structure for an electronics course 
(lecture and lab outline) based upon the content 
identified by industry experts. 
Explanation of Dissertation Format 
This dissertation consists of three papers. The first 
paper, "Electronics Courses in ASAE Recognized Agricultural 
Technology and Management Degree Programs," corresponds to 
objective 1. The second paper, "Identification of Course 
Content for an Agricultural Electronics Course: A Delphi 
Approach," corresponds to objective 2 and the third paper, 
"Determining the Structure for an Agricultural Electronics 
Course Utilizing a Curriculum Development Model" corresponds 
to objective 3. All three were written in the format required 
for publication in the "Applied Engineering in Agriculture" 
journal of the American Society of Agricultural Engineers. 
A general summary is included immediately following the 
three papers. References cited in the general introduction 
and general summary are listed in the literature cited section 
which follows the general summary. 
The dissertation includes four appendices: A, B, C, and 
D. Appendix A contains the correspondence and questionnaire 
mailed to ASAE recognized agricultural technology and 
management programs. Appendix B consists of the 
correspondence and questionnaire utilized in the first round 
of the Delphi process. Appendix C contains the correspondence 
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and questionnaire utilized in the second round of the Delphi 
process. Appendix D includes the correspondence and 
questionnaire utilized in the third round of the Delphi 
process. 
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PAPER I 
ELECTRONICS COURSES IN ASAE RECOGNIZED AGRICULTURAL 
TECHNOLOGY AND MANAGEMENT DEGREE PROGRAMS 
8 
ABSTRACT 
Research was conducted concerning the current state of 
education in agricultural electronics at the 27 institutions 
in North America that offer an ASAE recognized agricultural 
technology and management (agricultural mechanization) degree 
program. Ten of the 23 institutions responding to this 
research offered an agricultural electronics course, with an 
additional seven institutions offering agricultural 
electronics as part of another course in their program. 
Industry input in the development of agricultural electronics 
courses was found to be low. Course descriptions and outlines 
for agricultural electronics courses were obtained from eight 
institutions. Forty-two different topics were addressed among 
the eight courses, with minimal agreement among the eight 
courses. Only twelve (28.6%) of the topics were included in 
one-half or more of the courses. Keywords. Electronics, 
Education, Curriculum, Agricultural Mechanization, 
Instrumentation. 
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INTRODUCTION 
According to Henry et al. (1991), the rapid advancements 
in technology in recent years have resulted in companion 
advancements in electronics and instrumentation systems. The 
changing technology in electronics has revolutionized the 
field of instrumentation, including sensing elements, 
interfacing, data acquisition and data analysis. 
As technological advances of the electronics age have 
both complicated and simplified agricultural systems, college 
curricula have had to adapt to these advances to meet the 
changing needs of both employers and graduates (Gaultney et 
al., 1984). Agricultural technology and management 
(agricultural mechanization) collegiate degree programs 
prepare graduates for careers that apply agricultural 
technology to production, processing and marketing systems of 
agricultural products. 
Based upon the findings of a follow-up study of 197 6-1985 
Kansas State University agricultural mechanization graduates, 
Slocombe and Baugher (1986) indicated that the agricultural 
mechanization curriculum must be in tune with the current 
needs of employers and industry. Slocombe and Baugher 
concluded that the number of credit hours in electronic 
monitors and controls and electric motors and controls should 
be increased to meet the needs of employers and industry. 
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Slocombe (1987) indicated several new courses should be 
considered in order for agricultural mechanization curricula 
to be proactive. These courses include conveying the 
principles and applications of electronic monitoring systems, 
sensors, on-board computers, and integrated circuit and solid 
state electronic devices to alternating and direct current 
power sources. 
According to the participants of the American Society of 
Agricultural Engineers (ASAE) Agricultural Mechanization 
Curriculum Workshop (1988, p. 47), agricultural mechanization 
(now agricultural technology and management) programs should 
encompass current technologies in agriculture including 
instrumentation, analysis, control and measurement. 
The aforementioned citations suggest that an agricultural 
electronics course should be included in every agricultural 
technology and management curriculum, but the extent to which 
agricultural electronics is currently being taught in 
agricultural technology and management programs, or the exact 
course content that should be included in such a course was 
not addressed. The term "agricultural electronics" as used in 
this paper includes instrumentation, microprocessors, 
monitors, sensors, and controls. 
The Agricultural Systems Technology degree program at 
Iowa State University is an ASAE recognized agricultural 
technology and management curriculum, but does not currently 
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include a course in agricultural electronics. In a response 
to the University Long Range Strategic Planning Committee's 
Review of Academic Programs report (Long Range Strategic 
Planning Committee, 1989, p. 26), the Agricultural and 
Biosystems Engineering Department (1989, p. 22) at Iowa State 
University indicated that an agricultural electronics course 
should be added to this degree program. 
Four c[uestions remained to be answered after reviewing 
the previous literature: 1) What is the current state of 
agricultural electronics education in ASAE recognized 
agricultural technology and management curricula in North 
America? 2) To what extent was industry consulted when 
agricultural electronics courses were developed for these 
curricula? 3) What course content is included in agricultural 
electronics courses? 4) Can existing courses be easily 
modified and serve as the basis for an agricultural 
electronics course at Iowa State University? 
Purpose and Objectives 
The purpose of this research was to discover the current 
state of agricultural electronics education in ASAE recognized 
agricultural technology and management programs. The specific 
objectives were to: 
1. Determine the extent to which agricultural electronics 
courses were offered. 
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Determine the extent to which industry input was obtained 
in developing agricultural electronics courses. 
Determine the content of agricultural electronics courses 
offered in ASAE recognized programs. 
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METHODS AND PROCEDURE 
The main data gathering instrument for this research 
project was a mailed questionnaire. The questionnaire was 
developed by the researcher, validated by experts in the 
Agricultural and Biosystems Engineering Department at Iowa 
State University, and mailed in the fall of 1991 to the 27 
institutions in the United States that offer agricultural 
technology and management programs recognized by ASAE. The 27 
institutions were identified from the ASAE Member Roster 
(1991). 
Responses were obtained from individuals associated with 
24 of the 27 institutions, with one of the respondents 
indicating that they no longer offer a technology management 
program. This resulted in valid returns from 23 of 26 
functioning agricultural technology and management programs 
during the 1991-1992 school year. 
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RESULTS 
Extent to Which Courses Were Offered 
Agricultural electronics was offered as a separate course 
in 43.5 percent (10 of 23) of the ASAE recognized agricultural 
technology and management programs from which responses were 
received. Agricultural electronics was included in part of 
another course in 30.4 percent (7 of 23) of these programs. 
Agricultural electronics was not taught as a separate course 
or as part of another course in 26.1 percent (6 of 23) of 
these programs (see Figure 1). 
Of the 13 programs that did not offer an agricultural 
electronics course, five responded that they planned to add 
such a course in the future. The other eight did not offer an 
agricultural electronics course nor did they plan to offer 
such a course in the future. 
Extent of Industry Input 
The respondents who indicated their agricultural 
technology and management curriculum offered an agricultural 
electronics course (N=10) were asked to rate the extent to 
which industry input was obtained in developing the course. 
The respondents were asked to use a scale from 1 to 9 with 1 
indicating a low degree of industry input, 5 indicating a 
medium degree of industry input and 9 indicating a high degree 
of industry input. The resulting ratings ranged from 1 to 6, 
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with a mean of 3.56 (S.D. = 1.81), indicating a low degree of 
industry input in the development of agricultural electronics 
courses currently offered in ASAE recognized agricultural 
technology and management curricula. 
Content of Courses 
The third objective was to determine the content of 
agricultural electronics courses offered by agricultural 
technology and management programs. The mailed questionnaire 
included a statement requesting the course description, course 
outline and/or course syllabus of the agricultural electronics 
course (if offered). Course information was received 
concerning 8 of the 10 programs that offered an agricultural 
electronics course. The course information was analyzed to 
determine the topics included and to determine the number of 
courses (out of the 8) that cover the same topics. The 
results are summarized in Table 1. 
Forty-two topics were identified after reviewing the 
course information supplied and condensing the topics into 
appropriate categories. Of the 42 topics identified, none of 
the same topics were addressed in all eight courses. Only 
twelve of the same topics were included in one-half or more of 
the courses. The most frequently covered topics included 
temperature sensors, basic electrical theories, control 
principles, digital fundamentals, flow sensors, pressure 
sensors and strain gages. 
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DISCUSSION 
The introduction to this paper and the review of 
literature indicated the importance of exposing students to 
new technology and electronics in agriculture. The 1988 
Agricultural Mechanization curriculum workshop reinforced this 
point. Hopefully students in the agricultural technology and 
management curricula that do not offer experiences in 
agricultural electronics are able to enroll in electronic 
courses elsewhere at their institution; however, they may not 
be exposed to the current state-of-the-art electronics 
utilized in agricultural applications and they may need 
assistance in connecting and applying the electronic 
experiences in other courses to agricultural situations. 
Electronics applications in agriculture are widespread 
and will increase in the future. Does an agricultural 
technology and management curriculum truly address current 
agricultural technology if it does not include experiences in 
agricultural electronics? 
Industry input in the development of existing electronics 
courses was found to be low. Students should be exposed to 
the technology they will encounter on the job. If a low 
degree of industry input was sought in the development of 
agricultural electronics courses, can we be assured that these 
courses are in tune with the current needs of employers and 
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industry as Slocombe and Baugher (1986) indicated they should 
be? If industry input is not serving as the basis for 
curriculum development, what is serving as the basis for 
curriculum development? 
There seems to be a lack of agreement on the electronics 
background essential for an agricultural technology and 
management graduate as none of the same topics were addressed 
in every course. Only twelve of the same 42 topics were 
covered in one-half or more of the courses. 
The wide range of topics covered in the courses and the 
lack of consistency of topics among the courses may indicate a 
lack of uniformity in preparation of agricultural technology 
and management graduates; however, each institution may feel 
it knows best how to prepare their students for their 
employment market. Within reason, are we trying to guarantee 
the consistency of our product (agricultural technology and 
management graduates) from institution to institution? 
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CONCLUSIONS 
Agricultural electronics was offered as a separate course 
in 43.5 percent of the agricultural technology and management 
degree programs responding to this research and was offered as 
part of another course in 30.4 percent of the programs. 
Industry input has been low in the development of 
agricultural electronics courses. 
There does not seem to be a definitive body of 
electronics knowledge included in these courses that could 
serve as the basis for an agricultural electronics course at 
Iowa State University. 
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RZCWMENDATIONS 
If agricultural technology and management programs truly 
address current technology and the management of this 
technology, then every program must include experiences in 
agricultural electronics. 
A vast number of electronics topics are available for 
inclusion in an agricultural electronics course, but which 
topics are the most important to expose to students? Where is 
the best source of information to discover what electronics 
knowledge graduates will need on the job? 
Further research needs to be conducted to determine the 
agricultural electronics knowledge that industry feels is 
essential for agricultural technology and management 
graduates. 
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10 (43.5%) 
Separate electronics course 
but part o£ zuiother course not part of another course 
Figure 1. Number of electronics courses in agricultural 
technology and management programs (N=23) 
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Table 1. Topics included in agricultural electronics courses 
of eight ASAE recognized programs 
Topic frequency (N=8) 
Temperature sensors 7 
Basic circuit theory, terms, meters 5 
Control principles and control loops 5 
Digital fundamentals, logic gates 5 
Flow sensors 5 
Pressure sensors 5 
Strain gages, sensors 5 
Humidity sensors 4 
Microcomputers: use, I/O, interfacing, control 4 
Motion/rotation sensors 4 
Power supplies, voltage regulators, batteries 4 
Resolution of sensors 4 
Amplifiers, op amps 3 
Data acquisition systems 3 
Displacement sensors, LVDT's 3 
Force sensors 3 
Frequency converters 3 
Moisture sensors 3 
Oscilloscopes 3 
Photoelectric sensors 3 
Proximity/position sensors 3 
Semiconductors (diodes, trans., thyristor) 3 
A/D converters, D/A converters 2 
Accelerometers 2 
Calibration of equipment 2 
Level sensors 2 
Programmable controllers 2 
Signal conditioning, bridge circuits 2 
Counters and timers 
Electrohydraulics 
Fiber optics 
Gaseous and particulate sensors 
Multiplexers 
Pneumatic control devices 
Radiation sensors 
RLC circuits 
Relays and switches 
Sensing elements, actuators, biosensors 
Sound, noise, vibration sensors 
Standards, accuracy, precision 
Statistical analysis of data gathered 
Torque sensors 
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PAPER II 
IDENTIFICATION OF COURSE CONTENT FOR AN 
AGRICULTURAL ELECTRONICS COURSE: A DELPHI APPROACH 
24 
ABSTRACT 
Topics important for inclusion in an agricultural 
electronics course for the Agricultural Systems Technology 
degree program at Iowa State University were identified 
utilizing the Delphi research procedure. Thirty industry 
experts comprised the Delphi panel and identified 85 topics 
they felt should be included in an agricultural electronics 
course. Twenty-seven of the 85 topics were determined to be 
the most important and served as the basis for development of 
the course. The five highest rated topics were agricultural 
conditions for electronics, reading electrical schematics, 
basic semiconductors, clean power and clean ground, and 
photoelectric (optical) sensors. Keywords. Education, 
Electronics, Curriculum, Agricultural Mechanization, 
Instrumentation. 
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INTRODUCTION 
Electronics applications in agriculture have greatly 
increased over the past decade. Sensors, monitors, controls, 
and microprocessors are used in all areas of agriculture 
including power and machinery, food and feed handling and 
processing, and animal environments. 
Technological advances of the electronics age have both 
complicated and simplified agricultural systems. College 
curricula have had to adapt to these advances to meet the 
changing needs of both employers and graduates (Gaultney et 
al., 1984). 
Agricultural technology and management (agricultural 
mechanization) collegiate degree programs prepare graduates 
for careers that apply current agricultural technology to 
production, processing and marketing systems of agricultural 
products. Based upon the findings of a follow-up study of 
Kansas State University agricultural mechanization graduates, 
Slocombe and Baugher (1986) indicated that the agricultural 
mechanization curricula must be in tune with the current needs 
of employers and industry. 
According to the participants of the American Society of 
Agricultural Engineers (ASAE) Agricultural Mechanization 
Curriculum Workshop (1988, p. 47), agricultural mechanization 
(now agricultural technology and management) programs should 
26 
encompass current technologies in agriculture including 
instrumentation, analysis, control and measurement. 
The Agricultural Systems Technology degree program at 
Iowa State University is an ASAE recognized agricultural 
technology and management curriculum, but does not currently 
include a course in agricultural electronics. In a response 
to the University Long Range Strategic Planning Committee's 
Review of Academic Programs report (Long Range Strategic 
Planning Committee, 1989, p. 26), the Agricultural and 
Biosystems Engineering Department (1989, p. 22) at Iowa State 
University indicated that an agricultural electronics course 
should be added to this degree program. 
The need for an agricultural electronics course in the 
Agricultural Systems Technology degree program at Iowa State 
University has been established, but what topics should be 
included in this course? Can a similar course from another 
institution serve as a model? 
Schlautman (1992) found a disparity in the topics 
included in agricultural electronics courses of ASAE 
recognized agricultural technology and management curricula 
and found a low degree of industry input in the development of 
such courses. The need existed to discover the topics that 
industry experts felt were important for inclusion in an 
agricultural electronics course for agricultural technology 
and management students. 
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Purpose and Objectives 
The purpose of this research was to identify the course 
content for an agricultural electronics course in the 
Agricultural Systems Technology degree program at Iowa State 
University. The specific objectives were to: 
1. Identify topics that industry experts believed should be 
included in an agricultural electronics course. 
2. Determine which topics were most important. 
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METHODS AMD PROCEDURE 
The Delphi research procedure was determined to be the 
most suitable for this project. The typical methodology of 
the Delphi research technique involves a sequence of mailed 
questionnaires to experts knowledgeable about the research 
topic, in this case, agricultural electronics. The first 
round questionnaire utilizes open ended questions to allow for 
a wide range of opinions. The responses are summarized by the 
researchers into the second round questionnaire and the 
experts are asked to rank the items (Delbeq et al., 1975; 
Dalkey, 1972; Helmer, 1966) or rate the items (Steffen, 1990; 
Buriak and Shinn, 1988). The third round questionnaire 
includes a summary of the ratings for each item from the 
second round questionnaire and the experts are again asked to 
rate or rank the items, based on the feedback from the entire 
group (Delbeq et al., 1975). 
The names of industry experts for this study were 
gathered by a nomination process from two sources. 
Chairpersons of agricultural companies that utilize electronic 
applications were asked to nominate one to three experts from 
their company. Faculty from ASAE recognized agricultural 
technology and management programs were asked to nominate one 
to three graduates of their program who deal with electronic 
applications on the job. Through this nomination process, 58 
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industry experts were identified and invited to participate in 
this study. Thirty experts agreed to participate and these 30 
completed each of the three questionnaires. It should be 
noted that sampling in the Delphi procedure is performed 
purposively and not randomly. 
Several resources were consulted to determine the 
adequate sample size for the Delphi procedure. Dalkey et al. 
(1972) concluded that when group size is greater than 13, 
process reliability is greater than .80. Brooks (1979) 
suggested that little improvement in results is achieved with 
groups of more than 25. Delbeq et al. (1975) indicated that 
few new ideas are generated within a homogeneous group once 
the size exceeds 30 well chosen participants. The sample size 
of 30 utilized for this research project met the guidelines 
suggested by the aforementioned authors. 
The first round questionnaire was developed, validated, 
and mailed to the industry experts in January of 1992. The 
first round responses were summarized and condensed into a 
topic listing for the second round questionnaire. In the 
second questionnaire, the experts were asked to rate the 
topics as not important (NI), slightly important (SI), 
moderately important (MI), very important (VI), or extremely 
important (EI). The third round questionnaire contained an 
identical topic listing as the second round. Each expert also 
received a summary of the group ratings for each topic from 
30 
the second round and their individual rating of each topic. 
The experts were asked to rate each topic again in light of 
the group ratings. 
An apriori selection criterion was established to 
prioritize the most important topics. Any topic rated as very 
important (VI) or extremely important (EI) by 50% or more of 
the experts on the third round questionnaire was considered 
necessary for inclusion in an agricultural electronics course 
for Agricultural Systems Technology students at Iowa State 
University. 
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RESULTS 
Demographic Profile of Industry Experts 
The thirty respondents in this research were employed an 
average of 13.7 years in industry with an average 5.8 years in 
their present position. Twenty-two of the respondents had 
attained a bachelor's degree, seven a master's degree, and one 
a Ph.D. Eighteen of the experts were employed in power and 
machinery companies, six in food/feed handling/processing 
companies, four in electronics related companies, one in an 
irrigation company, and one in another type of company. 
Figure 1 indicates the company positions held by the 
respondents. 
Topics That Should be Included 
The first questionnaire contained the open ended 
question, "What topics do you feel are important to be 
included in an agricultural electronics course for students in 
agricultural technology and management degree programs?" The 
first questionnaire responses were summarized into 85 topics 
and were included in the second and third round 
questionnaires. Table 1 includes a listing of these 85 
topics. 
Determination of the Most Important Topics 
The second and third round ratings for the 85 topics are 
detailed in Table 1. The percentages given in Table 1 are the 
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percent of respondents rating each topic as very important 
(VI) or extremely important (EI). Twenty-seven topics were 
rated very important or extremely important by 50 percent or 
more of the industry experts. It was observed that nearly 97 
percent of the industry experts rated the topic of 
environmental conditions that agricultural electronics are 
subjected to as very important or extremely important. 
Seventy-five percent or more of the industry experts indicated 
four other topics were very important or extremely important. 
The four topics were reading electrical schematics, basic 
semiconductors, clean power and clean ground, and 
photoelectric (optical) sensors. 
In the main, the percentages for the 27 topics listed at 
the beginning of Table 1 increased from round 2 to round 3, 
while the percentages for the topics listed at the end of 
Table 1 tended to decrease from round 2 to round 3. These 
observations suggest that the 27 topics identified through the 
Delphi process are truly the most important topics. The 
largest percentage rating shift was an 11.2 percentage point 
increase for the topic "relays, solenoids." 
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DISCUSSION 
There are a vast number of topics that could be taught in 
an agricultural electronics course. The decision must be made 
as to which topics to include and which topics to exclude. 
While most of the topics could be covered if a sequence of 
several electronics courses were offered in the agricultural 
technology and management curriculum, the reality is that most 
curricula allow for only one three-credit agricultural 
electronics course. If only one course is available to 
accomplish this, only the most important topics should be 
included. If industry input in the development of existing 
agricultural electronics courses was low as Schlautman (1992) 
indicated, how did the instructors determine which topics to 
include and which to exclude? 
Comparing the results of this study with Schlautman's 
(1992) study of agricultural electronics courses currently 
taught in ASAE recognized agricultural technology and 
management degree programs, several topics were found to be 
taught that were not mentioned by industry experts in this 
study including frequency converters, oscilloscopes, 
accelerometers, fiber optics, and biosensors. According to 
the industry experts of this study, these topics are not among 
the most important for inclusion in an agricultural 
electronics course. 
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Several of the 27 topics identified in this study as the 
most important were not included in any of the courses 
currently being taught, including agricultural conditions for 
electronics, NEMA ratings of components, and reading 
electrical schematics. Only one course addressed 
electrohydraulics. It would seem that students in current 
agricultural electronics courses are missing several important 
experiences. 
Two of the assumptions inherent in this study are that 
the industry experts were truly experts and they were 
knowledgeable about the needs of employers of agricultural 
technology and management graduates. The demographics reveal 
that the experts possessed a minimum of a four year degree and 
several years of experience in industry. Several of the 
respondents were employed as engineers or were involved in 
engineering management. While one might think that this may 
provide inaccurate information, it should be noted that during 
the nomination process, it was specified that the industry 
experts should be familiar with agricultural technology and 
management degree programs and that their responses should 
center on the application and utilization of engineered 
systems. 
The industry experts were not asked to develop a coherent 
listing of topics for an agricultural electronics course, but 
were asked to review their experiences with electronics and 
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list the topics they felt should be included in the course. 
The course instructor's task is to take this topic listing and 
develop a coherent semester course. In many cases, the course 
instructor will need to address fundamentals and background 
information before addressing certain topics. 
The goal of an agricultural electronics course should not 
be to make students experts in the design of electronic 
systems, but rather to familiarize them with current 
electronics technology and provide them hands-on experience 
with electronic applications in agriculture so they can manage 
and troubleshoot the systems on the job. 
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CONCLUSIONS 
Utilizing the Delphi research technique, industry experts 
identified 85 topics they felt should be included in an 
agricultural electronics course for agricultural technology 
and management degree programs. Twenty-seven topics were 
identified as the most important. These twenty-seven topics 
will serve as the basis for development of an agricultural 
electronics course in the Agricultural Systems Technology 
degree program at Iowa State University. 
Topics rated very important or extremely important by 
over 75% of the experts were agricultural conditions for 
electronics, reading electrical schematics, basic 
semiconductors, clean power and ground, and photoelectric 
sensors. 
Further research needs to be conducted to determine the 
nationwide employment trends of agricultural technology and 
management graduates, including the types of companies they 
are employed with. This would indicate the electronics 
applications that graduates encounter on the job. 
Further study is also needed to determine how to 
structure the 27 topics sequentially into a semester course. 
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Près./VP 
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Other mgmt. 
3(10%) 
Testing/control 
Figure 1. Distribution of company positions held by 
respondents (N=30) 
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Table 1. Percent of industry experts rating topics very 
important or extremely important 
% rated VI or EI 
Topic Round 2 Round 3 
Ag conditions (vibration, temp., etc.) 89. 6 96. 6 
Reading electrical schematics 75. ,8 83. 4 
Basic semiconductors (diodes, trans.) 72, .4 76, .7 
Clean power, clean ground 72. 4 76, .7 
Photoelectric (optical) sensors 72. 4 76, .7 
Relays, solenoids 62. 1 73, .3 
Moisture sensor - grain moisture 69. 0 70, .0 
Microprocessors 62. 0 63, .3 
Solid state vs. electromech. control 62. ,0 63, .3 
Speed sensor - magnetic, var. reluctance 65. ,5 63, .3 
Computer interfacing 55. ,2 60, .0 
Liquid flow sensors 62. ,1 60, .0 
Power supplies 55. ,2 60, .0 
Transient voltages 55. 2 60, .0 
Electrohydraulic systems 62, .1 56, .7 
Principles of feedback systems 55, .1 56, .7 
Strain gages 55, .1 56, .7 
Moisture sensor - soil moisture 48, .2 56, .6 
Use of DMM in troubleshooting 55, .5 55, .1 
Liquid level sensors 51, .7 53, .3 
NEMA ratings of components 51, .7 53, .3 
Pressure sensor - diff. pressure switch 51, ,7 53, .3 
Programmable logic controllers 51, ,7 53, ,3 
Logic circuits and gates 48, ,3 50, ,0 
Potentiometers 48, ,2 50, ,0 
Programming using assembly code and "C" 48, .3 50, .0 
Temperature sensor - thermocouples 51, ,7 50, .0 
Digital displays (LCD, LED, VFD) 48, .3 46, .7 
Component reliability, statistics 44, ,8 46, ,6 
Signal conditioning 41, ,4 43, ,4 
Standard data formats and methods 41, ,3 43, ,4 
Control loops 42, ,9 43, ,3 
Integrated circuits 44, .8 43, ,3 
Memory devices (RAM, ROM, EPROM) 46, .4 43, ,3 
Voltage regulators 48. ,2 43, ,3 
Speed sensor - Hall effect 42. ,9 41, ,4 
Advanced semiconductors (FETs, UJTs) 35. ,7 41, .3 
Counters 37. ,9 40, ,0 
Pressure sensor - diaphram . 41. ,3 40, ,0 
Recording devices 37. 9 40, ,0 
Temperature sensor - RTD's 37. ,9 40, ,0 
Speed sensor - doppler effect (radar) 35. ,7 37, ,9 
Speed controllers 32. ,1 37. ,9 
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Table 1. Continued 
% rated VI or EI 
Topic Round 2 Round 3 
Battery basics 41. 3 36. ,7 
Encoders 37. 9 36. ,7 
Moisture sensor - humidity 34. ,4 36. 7 
Serial communications - CAN, bit bus 34. ,5 36. ,7 
Short vs. open circuits 34. 4 36. ,7 
Timing devices 37. ,9 36. ,7 
Accuracy vs. resolution 37. 9 36. ,6 
Position controllers 32. 1 34. 5 
A/D and D/A converters 35. 7 34. ,4 
Bridge circuits 34. 4 33. ,4 
Cost analysis - implementing new tech. 34. 4 33. 4 
Data loggers 34. 4 33. ,3 
Low vs. high current contacts (plating) 34. 5 33. ,3 
Piezoelectric load cells 34. 4 33. ,3 
Pressure controllers 25. 0 31. ,0 
Software (Labtec, Codas, Lotus) 28. 6 31. ,0 
Connector types, harness layout 34. 4 30. ,0 
Contact bounce - potential effects 31. 0 30. ,0 
Electronic controls for ventilation 31. 0 30. ,0 
Rectifiers 31. 0 30. ,0 
Regulating bodies 31, .0 30, .0 
Sprayer control components, operation 31, .0 30, .0 
Operational amplifiers 28, .5 27, .6 
Temperature controllers 25, .0 27, .6 
Temperature sensor - thermistor 35, .7 27, .6 
Electromagnetic radiation 24, .1 26, .7 
Roller switches 32, .1 26. 7 
Linear var. differential trans. (LVDTs) 27, .5 26. ,3 
AC inverters, variable speed control 27, .5 23. ,4 
Pressure sensor - piston 25. 0 23. ,3 
Telecommunication basics 31. 0 23. ,3 
Transformers 27. 5 23. ,3 
Gaseous sensors 24. 1 20. 0 
Visual, audible alarms 17. ,2 20. ,0 
Multiplexers 24, .1 16. ,7 
Speed sensor - photo/reflective tape 20, .7 16, ,7 
Signal rise/decay 17, .8 13, ,8 
Transponders 17, .9 13, ,8 
Speed sensor - reed switch 17, .9 13. ,7 
Electromagnetic instr. - air core 14, .3 10. ,3 
Wind speed/direction sensors 13, .8 10. ,0 
Electromagnetic instr. - D'Arsonval 7, .2 6. ,8 
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PAPER III 
DETERMINING THE STRUCTURE FOR AN AGRICULTURAL 
ELECTRONICS COURSE UTILIZING 
A CURRICULUM DEVELOPMENT MODEL 
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ABSTRACT 
Twenty-seven agricultural electronics topics identified 
in a previous study were assimilated into a three credit 
semester course for the Agricultural Systems Technology degree 
program at Iowa State University. Tyler's (1949) curriculum 
model was utilized to develop the structure for the course. 
Information from three sources was considered, the philosophy 
of the institution was considered, the psychology of learning 
was considered, the goals and objectives were developed, the 
learning experiences were developed, the objectives and 
experiences were organized in a sequential manner, and the 
effectiveness of the learning objectives and learning 
experiences was evaluated. The objectives and experiences 
were organized into the agricultural electronics course. 
Agricultural Systems Technology 460, to be offered initially 
in the spring of 1993 at Iowa State University. 
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INTRODUCTION 
College curricula must be dynamic and constantly modified 
in order to graduate students who are at the "cutting-edge" of 
knowledge and technology (Coorts, 1987). 
One technological trend that must be addressed by the 
collegiate curriculum is the increasing use of electronics, 
both in production agriculture and the manufacturing, 
processing and distribution industries that support 
agriculture (Slocombe, 1987). 
Schlautman (1992a) indicated that agricultural 
electronics courses are offered by nearly one-half of the 
American Society of Agricultural Engineers (ASAE) recognized 
agricultural technology and management degree programs. 
Schlautman found that although several institutions offered an 
agricultural electronics course, there was little agreement on 
the content for such a course and little input from industry 
in the development of such courses. The term "agricultural 
electronics" as used in this paper includes instrumentation, 
microprocessors, monitors, sensors, and controls. 
The Agricultural Systems Technology degree program at 
Iowa State University is an ASAE recognized agricultural 
technology and management curriculum, but does not currently 
include a course in agricultural electronics. The need exists 
for the development of the course. 
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McNeil (1990) indicated that in order to plan curriculum, 
it is necessary to have an organized process. Numerous 
curriculum experts have proposed their models for a successful 
curriculum development process. 
Tyler (1949) suggested that curriculum be developed in 
the following procedure. 
1. consider information from three sources: the needs of 
the learner, what is happening in contemporary society 
and suggestions of subject matter specialists. 
2. consider the educational and social philosophy of the 
institution. 
3. consider the psychology of learning 
4. identify goals and objectives. Objectives should 
identify both the behavior to be developed and the 
content to which the behavior applies. 
5. select meaningful learning experiences. 
6. organize the objectives and learning experiences in a 
sequential order. 
7. evaluate the curriculum to determine if the goals and 
objectives are being met. 
Tyler (1949) suggested this model be utilized in 
developing and evaluating the entire curriculum for a school 
or college; however, he indicated that curriculum revision or 
rebuilding can take place for a single course, while keeping 
in mind that course's relation to the entire instructional 
program. 
Kelly (1977) suggested that if curriculum planning is to 
be seen as a rational activity, it must consist of at least 
three elements - choice of objectives, decisions about 
content, and the selection of appropriate methods or 
procedure. 
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Berquist et al. (1981) proposed a generic curriculum 
design process for collegiate curricula. The structure of 
academic programs was described in terms of six curricular 
dimensions - time, space, resources, organization, procedures 
and outcomes. 
Purpose and Objectives 
The purpose of this project was to develop the structure 
for an agricultural electronics course for the Agricultural 
Systems Technology curriculum at Iowa State University. The 
specific objectives were to: 
1. Identify the goal and student learning objectives for 
an agricultural electronics course. 
2. Identify the learning activities. 
3. Organize the objectives and activities into a three 
credit course. 
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METHODS AND PROCEDURK 
Tyler's (1949) curriculum model provided the curriculum 
development framework for this project. Tyler's model was 
chosen because it fits the pragmatic approach to education 
that is addressed by the Agricultural Systems Technology 
program. 
The content from which the structure of the agricultural 
electronics course is to be derived was determined in a Delphi 
study conducted by Schlautman (1992b). In the study, industry 
experts identified the 27 most important agricultural 
electronics topics about which agricultural technology and 
management graduates should be familiar. 
48 
RESULTS 
The purpose of this project was to develop the structure 
for Agricultural Systems Technology 460, an agricultural 
electronics course to be offered initially in the spring of 
1993 at Iowa State University. The results section follows 
the curriculum development procedure defined by Tyler (1949) 
and outlined in the introduction to this paper to develop the 
structure for this course. 
Consider Information from Three Sources 
The planning of the agricultural electronics course was 
very dependent on this first step. Accurate information 
concerning these three sources would help maintain student 
interest throughout the course and would determine the success 
or failure of the course. 
In order to determine the needs of the Agricultural 
Systems Technology students (needs of the learners) for 
employment in the "real world" (contemporary life), industry 
experts (subject matter specialists) were consulted to 
determine the most important agricultural electronics topics 
the graduates would need to be knowledgeable about. The 
industry experts identified the 27 topics (Schlautman, 1992b) 
listed in Table 1 which were to be transformed into learning 
objectives and learning experiences through the next steps. 
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Philosophy of the Institution 
One of the guiding philosophies of a land grant 
institution such as Iowa State University is "science with 
practice" because it is felt that students understand 
scientific concepts much better if they are able to experience 
them first hand. 
The mission of the Agricultural Systems Technology 
program at Iowa State University is to prepare men and women 
for careers requiring integration and application of 
agricultural and biosystems engineering technology, 
agricultural and biological sciences, and business, to manage 
human and natural resources and systems for producing, 
processing and marketing food and other biological products 
worldwide (Agricultural and Biosystems Engineering Department, 
ISU, 1990) . 
From the above statements, it was apparent that the 
agricultural electronics course should be technology driven 
with practical applications to production, processing, and 
marketing systems of agriculture. 
Consider the Psychology of Learning 
Tyler (1949) indicated that students learn in different 
manners, depending on their personality and learning style. 
According to Schinstock et al. (1985), mechanized 
agriculture (or agricultural systems technology) students 
prefer physical involvement in their learning process. These 
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students need variety and novelty and the instructor of 
mechanized agriculture classes must be flexible and organized. 
Mechanized agriculture students are sensory learners and 
prefer to work with concrete realities, examples, and 
experiential learning, instead of intuitive generalities and 
theories. Because of their tendency to be extroverted, these 
students may prefer group projects, class reports and team 
competition. 
The learning style and personality of mechanized 
agriculture students found by Schinstock et al. (1985) 
indicated the agricultural electronics course should be very 
applications oriented with a good deal of hands-on learning 
experiences in group situations. 
Goal and Objectives 
After considering the results of the first three steps, 
the goal and objectives for the agricultural electronics 
course, AST 460, were developed (see following section — 
Course Outline). 
Learning Experiences 
The learning experiences were developed with special 
attention paid to the psychology of learning suggested by 
Schinstock et al. (1985). Many of the learning activities 
were carried out in groups or teams. When possible, the 
electronic equipment used was taken from actual agricultural 
applications (see following section — Course Outline). 
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Organization of Objectives and Experiences 
The student learning objectives and the learning 
experiences were organized in an effort to facilitate the best 
sequential learning process. The lecture and laboratory 
outline for AST 460 is contained in the following Course 
Outline section. 
Evaluation 
According to Tyler (1949), the process of evaluation is 
essentially the process of determining to what extent the 
educational objectives are actually being realized by the 
curriculum. The evaluation must involve more than a single 
appraisal at any one time. 
Three types of evaluation were utilized to determine the 
effectiveness of the agricultural electronics course. First, 
exams were given periodically throughout the semester to 
determine student progress. Second, course evaluations were 
completed by students at the end of the semester. Third, 
instructor evaluation and observation was utilized throughout 
the semester. 
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COURSE OUTLINE 
AGRICULTURAL ELECTRONICS 
AST 460 (3 cr. hr.) 
(Two 1-hour lectures, one 2-hour lab per week) 
Goal of AST 460: 
The goal of AST 460 is to familiarize the students with 
current agricultural electronics technology used in producing, 
processing and marketing agricultural products. 
Learning Objectives: 
After completion of this course, the students will: 
1. understand the operation of basic electronic components 
(resistors, capacitors, inductors, potentiometers) and 
basic semiconductors (diodes and transistors). 
2. be familiar with power supplies, transient voltages, and 
the need for clean power and clean ground. 
3. understand the operation of relays, solenoids and 
electrohydraulic systems. 
4. demonstrate the ability to read schematic circuit 
diagrams and use a digital multi-meter in 
troubleshooting electronic circuits. 
5. understand the principles of operation and explain the 
selection criteria for photoelectric sensors, variable 
reluctance speed sensors, grain and soil moisture 
sensors, liquid level and flow sensors, strain gages, 
pressure sensors, and temperature sensors. 
6. demonstrate the ability to wire simple digital circuits 
using logic gates 
7. be familiar with microprocessors, computer interfacing, 
and programming using assembly and C language. 
8. be familiar with the principles of control and feedback 
systems. 
9. demonstrate the ability to program and use programmable 
logic controllers. 
10. compare solid state controls with electromechanical 
controls. 
11. understand the conditions in which agricultural 
electronics must operate and select components with the 
proper NEMA rating. 
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Learning Experiences (Laboratory Activities): 
1. Construct circuits containing electronic devices such as 
diodes, LED's, NPN transistors, PNP transistors, 
resistors, capacitors, inductors and potentiometers. 
2. Examine sources of clean power and ground (power 
supplies) currently used in agricultural electronic 
applications, and explain the function of the components 
in the power supplies. Identify possible sources of 
transient voltages. 
3. Disassemble and reassemble an electrohydraulic valve and 
explain its operation. 
4. Troubleshoot electronic circuits using the circuit 
schematic and a digital multi-meter. 
5. Construct a thermocouple temperature sensor circuit and 
determine the necessity of a reference junction. 
Determine the time constant (speed of response to a step 
change) of a thermocouple. 
6. Utilize infrared and dielectric grain moisture sensors 
and gypsum and tensiometer soil moisture sensors. 
Explain the construction and operation of each of the 
sensors. 
7. Utilize liquid flow and liquid level sensors and explain 
their construction and operation. 
8. Utilize strain gages and pressure sensors and explain 
their construction and operation. 
9. Utilize photoelectric sensors and explain their modes of 
operation. 
10. Utilize speed sensors and explain their construction and 
modes of operation. 
11. Draw the schematic diagrams, construct the truth tables, 
and verify the operation of NOT, AND, OR, NAND, NOR, and 
XOR digital logic gates. 
12. Identify components of a microprocessor and input a 
control program for the microprocessor. Examine current 
uses of microprocessors and discuss what devices are 
interfaced with the microprocessor for that application. 
13. Given a situation, develop the appropriate control 
diagram for a programmable logic controller and verify 
its operation. 
14. Construct a solid state control circuit and compare this 
to its electromechanical equivalent, discussing 
advantages and disadvantages of each. 
15. Tour a controlled animal environment facility that 
utilizes state-of-the-art electronics to monitor and 
control the environment, the feeding systems and the 
processing systems. Determine the conditions in which 
the electronic components must operate. Identify NEMA 
ratings necessary for components in such conditions. 
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Lecture 1 and Lab Outline for AST 460 
Lec. Learn. Learn. Lec. 
No. Obi- EXD. Topic 
1 1 1 Intro., basic electricity 
2 1 R, L, C and other components 
3 1 2 Semiconductors 
4 2 Power supplies 
5 3 3 Relays and solenoids 
6 3 Electrohydraulics 
7 4 4 Schematic diagrams 
8 4 Troubleshooting using schematics 
9 5 5 Temperature sensors 
10 5 Temperature sensors 
11 5 6 Exam #1 
12 5 Moisture sensors - grain & soil 
13 5 7 Liquid flow sensors 
14 5 Liquid level sensors 
15 5 8 Strain gages 
16 5 Pressure sensors 
17 5 9 Photoelectric sensors 
18 5 Photoelectric sensors 
19 5 10 Speed sensors 
20 6 Intro to digital electronics 
21 6 11 Exam #2 
22 7 Microprocessors 
23 7 12 Microprocessors, interfacing 
24 8 Control, feedback systems 
25 9 13 Programmable controller 
26 9 Programmable controller 
27 10 14 Solid state control using PLC 
28 10 Solid state vs. electromech. control 
29 11 15 Agricultural conditions 
30 11 NEMA ratings of components 
Finals week Exam #3 
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CONCLUSIONS 
Curriculum development should follow a logical process. 
Numerous models exist to facilitate curriculum planning and 
development. Tyler's (1949) model was successfully utilized 
in this project to develop the structure for a three credit 
semester agricultural electronics course. The course included 
one goal, 11 learning objectives and 15 learning activities. 
The objectives and activities were incorporated into two 
lectures and one lab per week. 
While the objectives and activities for this course ' 
addressed the current needs of industry as expressed by 
industry experts, continual updating and revision will be 
necessary to keep pace with the technological advancements of 
agricultural electronics. 
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Table 1. Topics rated as most important by industry experts 
Percent of experts rating 
the topic very important 
Ag conditions (vibration, temp., etc.) 96.6 
Reading electrical schematics 83.4 
Basic semiconductors (diodes, trans.) 76.7 
Clean power, clean ground 76.7 
Photoelectric (optical) sensors 76.7 
Relays, solenoids 73.3 
Moisture sensor - grain moisture 70.0 
Microprocessors 63.3 
Solid state vs. electromech. control 63.3 
Speed sensor - magnetic, var. reluctance 63.3 
Computer interfacing 60.0 
Liquid flow sensors 60.0 
Power supplies 60.0 
Transient voltages 60.0 
Electrohydraulic systems 56.7 
Principles of feedback systems 56.7 
Strain gages 56.7 
Moisture sensor - soil moisture 56.6 
Use of DMM in troubleshooting 55.1 
Liquid level sensors 53.3 
NEMA ratings of components 53.3 
Pressure sensor - diff. pressure switch 53.3 
Programmable logic controllers 53.3 
Logic circuits and gates 50.0 
Potentiometers 50.0 
Programming using assembly code and "C" 50.0 
Temperature sensor - thermocouples 50.0 
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GENERAL SUMMARY 
The purpose of this research was to determine the content 
and structure of an agricultural electronics course for the 
Agricultural Systems Technology degree program at Iowa State 
University. The Agricultural Systems Technology program is an 
American Society of Agricultural Engineers (ASAE) recognized 
agricultural technology and management curriculum. 
The current state of education in agricultural 
electronics at the 27 ASAE recognized agricultural technology 
and management programs in the United States was researched to 
determine if an existing course could serve as the basis for 
an agricultural electronics course at Iowa State University. 
Of the 23 functioning programs that responded to this 
research, 10 offered a course in agricultural electronics and 
seven offered agricultural electronics instruction as part of 
another course. A low degree of industry input was obtained 
in the development of the ten agricultural electronics 
courses. 
Course content was received from eight of the ten 
programs that offered an agricultural electronics course. 
Forty-two topics were addressed among the eight courses. Only 
12 of the 42 topics were taught in one-half or more of the 
courses. 
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Due to the wide range of topics covered in existing 
agricultural electronics courses and the low degree of 
industry input in the development of such courses, it was 
determined that an existing course would not satisfy the needs 
of the Agricultural Systems Technology degree program at Iowa 
State University. 
An alternative source of information useful in 
determining the content for an agricultural electronics course 
was sought. The Delphi research technique was utilized to 
determine the agricultural electronics topics that industry 
experts felt were important for Agricultural Systems 
Technology graduates to be knowledgeable about. Thirty 
industry experts comprised the Delphi panel and identified 85 
topics. Twenty-seven of the topics were rated very important 
or extremely important by 50 percent or more of the experts. 
These 27 topics provided the content for an agricultural 
electronics course at Iowa State University. 
Ralph Tyler's (1949) curriculum model was utilized to 
develop the structure for Agricultural Systems Technology 460, 
an agricultural electronics course offered initially at Iowa 
State University in the spring of 1993. The 27 topics 
identified by industry experts were integrated into one goal, 
11 learning objectives, and 15 learning experiences. 
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APPENDIX A CORRESPONDENCE AND QUESTIONNAIRE TO ASAE 
RECOGNIZED INSTITUTIONS 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
IOWA STATE UNIVERSF  ^
September 12, 1991 
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Department of Agricultural and 
Biosystems Engineering 
Davidson Hall 
Ames, Iowa 500U-3080 
513 294-1434 
FAX 515 294-9589 
1~ 2~, 3~ 
4~ 
5~ 
6~ 
Dear Dr. 2~: 
The Agricultural and Biosystems Engineering Department at Iowa State University offers a 
technology management curriculum in the College of Agriculture called Agricultural Systems 
Technology. Our Agricultural Systems Technology curriculum committee is exploring the 
possibility of adding an agricultural electronics course to this curriculum. We envision covering 
such topics as instrumentation, sensors, and controls as they apply to agricultural systems. 
As a preliminary step, we are surveying similar technology management (Agricultural 
Mechanization) programs at peer institutions to determine the content of existing agricultural 
electronics courses at these institutions. We are also trying to gather relevant course information 
and materials. We would appreciate your help in completing the enclosed information sheet and 
in supplying related course materials. (See item 6 on the information sheet for a specific list of 
materials requested.) 
We also wish to obtain industry input for our proposed electronics course. We would like these 
industry people to be familiar with the Agricultural Systems Technology (Agricultural 
Mechanization) degree program and we would ask your help by providing the names, addresses 
and phone numbers of three graduates from your technology management program who are 
employed in an agricultural field that utilizes electronics in some way. We plan to send these 
individuals a questionnaire concerning their experiences with agricultural electronics. 
Please take a moment to complete the enclosed questionnaire and return it and other materials 
you can provide us by September 25, using the enclosed self-addressed, postage paid, envelope. 
We would appreciate any input you could provide us. If you have any concerns or questions, 
do not hesitate to call. 
Sincerely, 
Neal Schlautman 
Instructor 
(515) 294-1320 
IOWA STATE UNIVERSÎ"^ '^ 
O F  S C I E N C E  A N D  T E C H N O L O G Y  6 5  
October 9, 1991 
1~ 2~,3~ 
4~ 
5~ 
6~ 
Dear Dr. 2~: 
Approximately four weeks ago, you were mailed a letter and questionnaire from our department. That 
mailing concerned our attempts to institute an agricultural electronics course in our Agricultural 
Systems Technology degree program. We would like to receive input from 100% of the 39 
institutions we feel can most assist us in this quest. Could you please take time to respond to this 
request, or route this to the appropriate individual in your department? 
We are surveying similar technology (Agricultural Mechanization, Ag Engineering Technology, etc.) 
programs at peer institutions to determine the content of existing agricultural electronics courses at 
these institutions. We are also trying to gather relevant course information and materials. We would 
appreciate your help in completing the enclosed information sheet and in supplying related course 
materials. (See item 6 on the information sheet for a specific list of materials requested.) 
We also wish to obtain industry input for our proposed electronics course. We would like these 
industry people to be familiar with the Agricultural Systems Technology (Agricultural Mechanization) 
degree program and we would ask your help by providing the names, addresses and phone numbers of 
three graduates from your technology management program who are employed in an agricultural field 
that utilizes electronics in some way. We plan to send these individuals a questionnaire concerning 
their experiences with agricultural electronics. 
Please take a moment to complete the enclosed questionnaire and return it and other materials you can 
provide us by October 22, using the enclosed envelope. We would appreciate any input you could 
provide us. If you have any concerns or questions, do not hesitate to call. 
Sincerely, 
Department of Agricultural and 
Biosystems Engineering 
Davidson Hall 
Ames, Iowa 50011-3080 
515 294-1434 
FAX 515 294-9589 
Neal Schlautman 
(515) 294-1320 
/ \ 
Agricultural Electronics Course Information Sheet J 
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1. Does your technology management program currently offer a specific agricultural 
electronics (instrumentation, sensors, controls, etc.) course? 
Yes No 
2. If you answered no to question 1, does your department plan to add such a course in 
the future? 
Yes No 
3. If you answered no to question 1, is agricultural electronics (instrumentation, sensors, 
controls, etc.) taught as part of another course in your department? 
Yes No 
4. If you answered yes to question 1 or question 3, please check the length of this course. 
Quarter course Semester course Other (please explain) 
5. If you answered yes to question 1, to what extent was industry input obtained in 
designing the course and determining course content? (circle extent) 
1 2 3 4 5 6 7 8 9  
low extent average high extent 
6. If you answered yes to question 1 or question 3, please check the following items that 
you are enclosing with this reply: 
Course number, catalog description and credit hours 
Course syllabus and/or lecture and lab outlines 
List of reference/text materials used 
Name(s) of person responsible for teaching the course 
7. Please provide the names, addresses and phone numbers of three graduates who are 
currently employed in a position that requires knowledge and application of agricultural 
electronics: 
Please return materials to: 
Stamp 
Neal Schlautman 
212 Davidson Hall 
Iowa State University 
Ames, lA 50011 
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APPENDIX B. ROUND 1 CORRESPONDENCE AND QUESTIONNAIRE 
IOWA STATE UNIVERS'"^ "' 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
November 11, 1991 
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Department of Agricultural and 
Biosystems Engineering 
Davidson Hall 
Ames, Iowa 50011-3080 
515 294-1434 
FAX 515 294-9589 
1~ 2~ 
3~ 
4~ 
5~ 
6~ 7~ 8~ 
Dear Mr. 2~: 
The Agricultural and Biosystems Engineering Department at Iowa State University offers a 
bachelors degree in agricultural systems technology (formerly agricultural mechanization). This degree 
program concentrates on management and application of agricultural technology. As you know, 
electronics is an important part of modem agriculture. We are in the planning stages of designing an 
electronics course dealing with agricultural instrumentation, sensors, monitors and controls. Currently, 
we do not have such a course in our program. We are seeking industry input during the planning 
stages to ensure our course is relevant to "real world" applications. 
The reason I am writing is to solicit names of individuals (one to three) from your company who 
can give input into this course and the topics that should be covered. Our goal is that the students 
completing this proposed course will be able to deal with the application, management and 
troubleshooting of pre-designed equipment that utilizes electronics, such as in power and machinery, 
food and feed processing, environmental applications and irrigation. 
We plan to mail a questionnaire to industry personnel in late January of 1992. This questionnaire 
will ask for input on course content (what they think should be taught in the lecture and laboratory 
portions of the course). Please use the lines below to indicate the names and addresses of one to three 
persons from your company who would be willing to respond to our questionnaire. We would 
appreciate receiving your response by December 10, 1991. 
Sincerely, 
Neal Schlautman 
(515) 294-1320 
Name: 
Address: 
Phone: 
IOWA STATE UNIVERF'^ V 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
January 14, 1992 
1~ 2~ 
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Department of Agricultural and 
Biosystems Engineering 
Davidson Hall 
Ames. Iowa gooi 1-3080 
515 294-1434 
FAX 51g 294-9589 
3— 
4~ 
5~, 6~ 7~ 
Dear Mr. 2~: 
The Agricultural and Biosystems Engineering Department at Iowa State University offers a 
bachelors degree in agricultural systems technology (formerly agricultural mechanization). This degree 
program concentrates on management and application of agricultural technology. As you know, 
electronics is an important part of modem technological agriculture. We in the AST program are 
developing an electronics course dealing with agricultural instrumentation, sensors, monitors and 
controls. Currently, we do not have such a course in our program. We are seeking industry input 
during the planning stages to ensure our course is relevant to "real worid" applications. 
You have been nominated by your company as an expert in this field and your help in this 
project will be greatly appreciated. The Delphi research procedure will be used to obtain industry 
input and approximately 60 industry personnel with backgrounds in power and machinery, food and 
feed processing, irrigation, and environmental applications comprise the panel of industry experts. The 
Delphi procedure consists of three subsequent questionnaires mailed to you for your response. The 
first questionnaire is enclosed and contains a more detailed explanation of the Delphi procedure. 
The first questionnaire should take approximately 30 minutes and the two subsequent 
questionnaires should take approximately 15 minutes each to complete. The mailing dates of the 
second and third questionnaires depend upon the turn-around time for the previous questionnaire. 
Tentatively, the second quetionnaire will be mailed March 1 and the third questionnaire April 15. In 
order to meet this timeline, I request that you respond to the enclosed questionnaire and return it by 
January 28. Your participation is voluntary. If you feel you do not have the time available for this 
project, please return the enclosed questionnaire and mark the appropriate statement on the front page. 
A reply envelope has been enclosed for your convenience. 
Your responses will be kept strictly confidential with coding of the questionnaires used for 
follow-up purposes. Coding will be removed at the time of final data processing. I will send a 
follow-up notice if I have not received a response from you by January 28. 
Your input and expert advice is necessary for the development of an industry responsive 
electronics and instrumentation course. Thank you for your time and please call if you have any 
questions or concerns. 
Sincerely, 
Neal Schlautman 
(515) 294-1320 
IOWA STATE UNIVERS'T^  ^
O F  S C I E N C E  A N D  T E C H N O L O G Y  
January 14, 1992 
1~ 2~ 
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Department of Agricultural and 
Biosystems Engineering 
Davidson Hall 
Ames, Iowa 50011-3080 
515 294-1434 
FAX 51g 294-9589 
3— 
4-
5~, 6~ 7~ 
Dear Mr. 2~: 
The Agricultural and Biosystems Engineering Department at Iowa State University offers a 
bachelors degree in agricultural systems technology (formerly agricultural mechanization). This degree 
program concentrates on management and application of agricultural technology. As you know, 
electronics is an important part of modem technological agriculture. We in the AST program are 
developing an electronics course dealing with agricultural instrumentation, sensors, monitors and 
controls. Currently, we do not have such a course in our program. We are seeking industry input 
during the planning stages to ensure our course is relevant to "real worid" applications. 
You have been nominated as an expert in this field by the institution you graduated from and 
your help in this project will be greatly appreciated. The Delphi research procedure will be used to 
obtain industry input and approximately 60 industry personnel with backgrounds in power and 
machinery, food and feed processing, irrigation, and environmental applications comprise the panel of 
industry experts. The Delphi procedure consists of three subsequent questionnaires mailed to you for 
your response. The first questionnaire is enclosed and contains a more detailed explanation of the 
Delphi procedure. 
The first questionnaire should take approximately 30 minutes and the two subsequent 
questionnaires should take approximately 15 minutes each to complete. The mailing dates of the 
second and third questionnaires depend upon the turn-around time for the previous questionnaire. 
Tentatively, the second quetionnaire will be mailed March 1 and the third questionnaire April 15. In 
order to meet this timeline, I request that you respond to the enclosed questionnaire and return it by 
January 28. Your participation is voluntary. If you feel you do not have the time available for this 
project, please return the enclosed questionnaire and mark the appropriate statement on the front page. 
A reply envelope has been enclosed for your convenience. 
Your responses will be kept strictly confidential with coding of the questionnaires used for 
follow-up purposes. Coding will be removed at the time of final data processing. I will send a 
follow-up notice if I have not received a response from you by January 28. 
Your input and expert advice is necessary for the development of an industry responsive 
electronics and instrumentation course. Thank you for your time and please call if you have any 
questions or concerns. 
Sincerely, 
Neal Schlautman 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
IOWA STATE UNIVERSR'' 
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Department of Agricultural and 
Biosystems Engineering 
Davidson Hall 
Ames, Iowa 50011-3080 
515 294-1434 
FAX 515 294-9589 
February 3, 1992 
1~ 2~ 
3— 
4~ 
5~, 6~ 7~ 
Dear Mr. 2~: 
Approximately three weeks ago you were mailed a questionnaire soliciting your advice on the 
content of an agricultural electronics course for the Agricultural Systems Technology degree program 
at Iowa State University. As of this date, I have not received your response. I realize you are a busy 
individual, but your knowledge in the electronics area is valuable to our program. 
A few minutes of your time is all we ask to jot down your ideas of what this electronics course 
should include. In case you have misplaced the previous questionnaire mailed to you, I have enclosed 
another. Please return the questionnaire in the enclosed reply envelope by February 12. If you do not 
wish to participate, please return the form and indicate so on the front page. 
As of this date, I have received 15 of the 60 questionnaires back. Your response will be kept 
strictly confidential with coding of the questionnaire used for follow-up purposes. Coding will be 
removed at the time of final data processing. 
Your input and expert advice is necessary for the development of an industry responsive 
electronics and instrumentation course. Thank you for your time and please call if you have any 
questions or concerns. 
Sincerely, 
Neal Schlautman 
(515) 294-1320 
INSTRUMENTATION, SENSORS, MONITORS, & CONTROLS COURSE FOR 
THE AGRICULTURAL SYSTE^^^ ^«""^ OLOGY PROGRAM AT ISU 
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Delphi Procedure Explanation 
Round 1: Open ended questionnaire (attached), allowing you to write as much or as little as you 
feel is necessary. In Round 1, you are asked to list specific topics/objectives 
important for inclusion in an instrumentation and electronics course. (Complete this 
portion and return by January 28.) 
Round 2: The topics/objectives from all 60 experts are analyzed and like ones combined. 
These topics/objectives will then be listed and you will be asked to rate each on a 
scale of 1 to 5 as you perceive their importance in an instrumentation and electronics 
course. (To be mailed to you later, approximately March 1.) 
Round 3: The same topics/objectives from Round 2 will be listed and in addition, your rating 
for each topic/objective will be shown as well as a frequency distribution of the 
ratings from all 60 industry experts for each topic/objective. You will be able to see 
how your rating compares with the other experts. You will be asked to rate each 
item again, in light of the group responses. (To be mailed after Round 2 has been 
returned and analyzed, approximately April 15.) 
Description of Information Desired from Industry Personnel 
The Agricultural Systems Technology (AST) major is offered by the Agricultural and 
Biosystems Engineering Department. This bachelors degree program emphasizes utilization and 
management of current agricultural technology. Graduates are employed as service 
representatives, sales representatives, managers of agricultural businesses, test and development 
technicians, etc. On the job, these graduates may encounter electronic instrumentation, sensors, 
monitors and controls in power and machinery, food and feed handling and processing, irrigation 
and animal environmental applications. 
We feel a course concerning electronic applications and troubleshooting is needed by our 
AST graduates, but we are unsure of the exact course content (lecture and lab) and the depth to 
which the material should be taught. (Do we start with Ohm's law? Do we cover semiconductor 
theory? Do we start right in on applications of electronics to specific equipment? Should we be 
concerned with how the electronic component was engineered and designed for its application?) 
We hope to make this course responsive to the needs of industry and thus are requesting input 
from a panel of approximately 60 experts. 
Questionnaire - Round 1 (Attached, return by January 28) 
In the first round, we are requesting written responses to two questions. The first is what 
specific topics/objectives should be covered in this proposed course. The second question asks 
for your suggestions of pertinent laboratory activities to provide hands on learning for the 
students. The next two pages are provided for your written suggestions. 
I do not wish to participate in this study. 
Question #1: What specific topics/objectives do you feel are important to be covered in an 
agricultural electronics coures aqt urogram at ISU? Please be as specific 
as you can, for instance if > ture sensors are important, indicate 
which types. Room is prov nts. Two examples are given. Use 
the back if more room is ne^wvu. 
Topic/Objective Comments 
Examples: Temperature sensors 
- thermocouples 
- thyristors 
Analog vs. digital 
none 
important to know each 
- both are useful 
Question #2: What laboratory activities do you suggest to provide students with "theory in 
practice?" You may also inHimfp cnprifir equipment or components that could 
be used for that lab. An ex . Use the back if more room is 
needed. 74 
Lab Activity Equ ipment/Components 
Example: Magnetic pickup devices and 
troubleshooting 
Use a combine 
- show how mag. pickups are used 
to sense shaft speeds 
- hook up a scope to show the 
signals being generated 
Complete by January 28, return to: Neal Schlautman 
206B Davidson, ISU 
Ames, lA 50011 
(515) 294-1320 
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APPENDIX C. ROUND 2 CORRESPONDENCE AND QUESTIONNAIRE 
IOWA STATE UNIVERS"^  ^' 
O F  S C I E N C E  A N D  T E C H N O L O G Y  7 6  
March 1, 1992 
1-2-
3—~ 
4— 
5—, 6— 7— 
Dear Mr. 2~: 
Thank you for your time and effort in responding to Questionnaire #1 concerning the 
development of an electronics course for the Agricultural Systems Technology degree program at Iowa 
State University. Your efforts are very much appreciated. Thirty individuals responded to 
Questionnaire #1, and all of the topics/objectives have been assembled into Questionnaire #2. During 
the second round (enclosed) of the Delphi research teclinique, the experts (you) are asked to rate each 
of the responses generated from the first round questionnaire and comment on any as seen fit. Further 
directions are included on the enclosed questionnaire. 
The Agricultural Systems Technology (AST) major is offered by the Agricultural and Biosystems 
Engineering Department at Iowa State University. This bachelors degree program emphasizes 
utilization and management of current agricultural technology. Graduates are employed as service 
representatives, sales representatives, managers of agricultural businesses, test and development 
technicians, etc. On the job, these graduates may encounter electronic instrumentation, sensors, 
monitors and controls in power and machinery, food and feed handling and processing, irrigation and 
animal environmental applications. Please keep this in mind as you respond to each of the 
topics/objectives on the enclosed questionnaire. 
Your participation is voluntary. We appreciate the time you take to assist us. Please respond to 
the enclosed questionnaire by March 17 and return it in the enclosed reply envelope. If you feel you 
do not have the time available for this project, please return the enclosed questionnaire and indicate 
such on the front page. 
Your responses will be kept strictly confidential with coding of the questionnaires used for 
follow-up purposes. Coding will be removed at the time of final data processing. I will send a 
follow-up notice if I have not received a response from you by March 17. 
Your input and expert advice is necessary for the development of an industry responsive 
electronics and instrumentation course. Thank you for your time and please call if you have any 
questions or concerns. 
Sincerely, 
Department of Agricultural and 
Biosystems Engineering 
Davidson Hall 
Ames, Iowa 50011-3080 
515 294-1434 
FAX 51g 294-9589 
Neal Schlautman 
(515) 294-1320 
IOWA STATE UNIVERS^ "^ ' ' 
O F  S C I E N C E  A N D  T E C H N O L O G Y  7 7  
March 20, 1992 
1~ 2~ 
3— 
4~ 
5~, 6~ 7~ 
Dear Mr. 2~: 
Approximately 3 weeks ago you should have received Questionnaire #2 concerning the 
development of an electronics course for the Agricultural Systems Technology degree program at Iowa 
State University. As of this date, I have not received your response. I realize you are a busy 
individual, but your knowledge in the electronics area is valuable to our program. 
Please take 15 minutes to complete the 2nd round questionnaire and return it by March 31. 
Another questionnaire has been included in this mailing for your convenience. If you do not wish to 
participate, please return the form and indicate so. 
Disregard this mailing if your response is en route. 
Sincerely, 
Department of Agricultural and 
Biosystems Engineering 
Davidson Hall 
Ames, Iowa gooii-3080 
515 294-1434 
FAX gig zg^-ggSg 
Neal Schlautman 
(515) 294-1320 
INSTRUMENTATION, SENSORS, MONITORS, & CONTROLS COURSE FOR 
THE AGRICULTURAL SYSTEMS TECHNOLOGY PROGRAM AT ISU 
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Prerequisite: The prerequisite course for this electronics course will cover basic electricity, 
RLC circuits, power factor, single and three phase, parallel and series circuits, AC vs. DC, 
wiring of 120 v. lighting and outlet circuits, electric motors, and electromechanical controls. 
Lab Activities: Your suggested lab activities from Round 1 were excellent and give us a feel for 
useful hands-on activities. The focus of the remaining two questionnaires will be strictly on the 
topics/objectives important to an agricultural electronics course. 
Round #3: The fmal (3rd Round) questionnaire will be mailed approximately April IS and will 
contain identical topics/objectives as this round. The responses from the 2nd Round 
questionnaire will be summarized with a frequency distribution given for each topic/objective. 
Your response to each will also be marked. You will then be able to see how you responded in 
relation to the rest of the industry expert panel. You will again rate each topic/objective in light 
of the group response as we try to move towards consensus opinion on each topic/objective. 
Directions: This questionnaire consists of the summarized responses from Questionnaire #1 
concerning the topics/objectives for an agricultural electronics course. Please indicate how 
important you feel each topic/objective is to an electronics course for the Agricultural Systems 
Technology degree program at Iowa State by marking the appropriate rating. This bachelors 
degree program emphasizes the utilization and management of current agricultural technology. 
Feel free to add comments under any of the items. Please rate each item critically so we can 
identify which are truly the most important, and weed out the ones that are not important. 
Not Slightly Modenitel; 
Important Im^rtant Impoitant 
ra y Very Extremely 
Important Important 
1. Pressure sensors 
a. diaphram • • • • • 
b. piston • • • • • 
c. differential pressure switches • • • • • 
2. Position/proximity sensors 
a. Linear variable differential transformers 
(LVDT's) • • • • • 
b. Encoders 
• • • • • 
c. photoelectric (optical) sensors 
• • • • • 
d. roller switches 
• • • • • 
(over) 
3. Load cells 
a. strain gauges 
b. piezoelectric 
4. Speed sensors 
a. magnetic inductive, var. reluctance 
b. Hall effect 
c. doppler effect (radar) 
Not Slightly Moderately Veiy Extremely 
Tmnortaat Important Important Important Important 
79 • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
d. reed switches • • • • • 
e. photo/reflective tape • • • • • 
5. Temperature sensors 
a. thermocouple 
b. thermistor 
c. platinum wire/film 
d. Resistance temperature detectors (RTD's) 
6. Moisture sensors 
a. soil moisture (gypsum, tensiometer) 
b. grain moisture (dielectric, infrared) 
c. humidity 
7. Liquid level sensors 
8. Liquid flow sensors 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
9. Gaseous sensors (0%, NH3) 
10. Wind speed/direction sensors 
11. Logic circuits and gates 
12. A/D and D/A converters 
13. Microprocessors 
14. Programmable logic controllers 
15. Counters 
16. Digital displays (LED, LCD, Vacuum 
fluorescence) 
17. Programming of microcomputers using 
assembly code and "C" 
18. Principles of feedback systems 
19. Serial communications on CAN and bit 
bus, computer networking 
20. Signal conditioning 
21. Potentiometers 
22. Bridge circuits 
23. Basic semiconductors (diodes, transistors, 
LEDs) 
24. Advanced semiconductors (FET's, 
MOSFET's, thyristors, UJT's) 
25. Op-amps 
26. Integrated circuits 81 
27. Agricultural conditions for electronics [—| 
(environments, shock, vibration, 
lightning, chemicals, 12v and 24v DC) 
28. NEMA ratings of components, equipment Q 
29. Rectifiers Q 
30. Transformers • 
31. Voltage regulators Q 
32. Power supplies Q 
33. Memory devices (RAM, ROM, EPROM, f~| 
etc.) 
34. Battery basics Q 
35. Regulating bodies (UL, Canadian []] 
Standards, International Standards Org.) 
36. Connector types and harness layout Q 
37. Relays and solenoids Q 
38. Low current vs. high current Q 
considerations (gold plating contacts) 
39. Use of DMM in troubleshooting, Q 
continuity testing 
40. Computer interfacing Q 
41. Component reliability, analysis, statistics []] 
42. Short vs. open circuits • 
subtly Modeiatety Very Extremely 
Important Important Important Important 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
43. Reading electrical schematics, JIC 
symbols 
44. Data loggers 
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Not surlily Moderate^ Very Extremely 
Important Impor&nt Important Important Important 
" • • • • 
• • • • • 
45. Timing devices • • • • • 
46. Recording devices • • • • • 
47. Software (Labtec, Labtec II, Codas, 
Lotus) 
48. Transient voltages 
• • • • • 
• • • • • 
49. Clean power, clean ground 
• • • • • 
50. Pressure controllers 
• • • • • 
51. Temperature controllers • • • • • 
52. Speed controllers • • • • • 
53. Position controllers • • • • • 
54. Visual/audible alarms • • • • • 
55. Cost analysis of implementing new 
technologies 
56. Transponders 
• • • • • 
• • • • • 
57. Electrohydraulic systems 
58. Contact bounce, potential effects 
59. Sprayer control system components and 
operation 
60. Electronic controls for ventilation 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
(over) 
61. Solid state vs. electromechanical 
controls 
62. Electromagnetic instrumentation 
a. D'Arsonval 
^ ^ Slightly Moderately Very Extremely 
O 3 t Important Important Important Important 
_ • • • • 
• • • • • 
b. Air core • • • • • 
63. Electromagnetic radiation • • • • • 
64. Multiplexers • • • • • 
65. Accuracy vs. Resolution • • • • • 
66. Telecommunication basics (radio, phone, 
cellular, satellite) 
67. Signal rise/decay 
• • • • • 
• • • • • 
68. Standard data formats & methods (ASCII, 
RS170, RS232, serial, parallel) 
69. Control loops 
• • • • • 
• • • • • 
70. AC invertors, variable speed control • • • • • 
71. Water conductivity probes • • • • • 
Respondent Information 
The following information is requested to assist in data analysis. 
1. Your job title: 
2. Brief description of what you do: 
3. Type of company: 
Power and/or machinery Structures/controlled environments 
Food/feed processing and handling Irrigation 
Electrical/electronics Other (explain) 
4. Years in present position: 
5. Years in industry position(s): 
6. Highest degree attained: 
High school 2 yr. post secondary B.S. 
M.S. PhD 
7. Undergraduate college major (if applicable) and year of graduation: 
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APPENDIX D. ROUND 3 CORRESPONDENCE AND QUESTIONNAIRE 
IOWA STATE UNIVERS TT-'\ '• Department of Agricultural and Biosystems Engineering 
O F  S C I E N C E  A N D  T E C H N O L O G Y  85 Davidson Hall 
Ames, Iowa gooii-3080 
515 294-1434 
FAX 51g 294-9589 
April 10, 1992 
1~2~ 
3— 
4~ 
5~, 6~ 7~ 
Dear Mr. 2~; 
Thank you for your time and effort in responding to Questionnaire #2 concerning the development of 
an electronics course for the Agricultural Systems Technology degree program at Iowa State 
University. Your efforts are very much appreciated. Thirty individuals responded to Questionnaire 
#2, and all of the response information has been integrated into Questionnaire #3. 
This is the final questionnaire of the Delphi research procedure and the purpose of this round is to 
allow you to see the distribution of ratings from all the industry experts in this study and respond 
again with this information in mind. You do not have to change any of your ratings, but you are 
given the option to do so in light of what the other experts think. Further information is included on 
the questionnaire. 
Your participation is voluntary. We appreciate the time you take to assist us. Please respond to the 
enclosed questionnaire by April 24 and return it in the enclosed reply envelope. If you feel you do 
not have the time available for this project, please return the enclosed questionnaire and indicate such 
on the front page. 
Your responses will be kept strictly confidential with coding of the questionnaires used for follow-up 
purposes. Coding will be removed at the time of final data processing. I will send a follow-up notice 
if I have not received a response from you by April 24. 
Your input and expert advice is necessary for the development of an industry responsive electronics 
and instrumentation course. Thank you for your time and please call if you have any questions or 
concerns. 
Sincerely, 
Neal Schlautman 
(515) 294-1320 
April 30, 1992 
IOWA STATE UNIVERS 
O F  S C I E N C E  A N D  T E C H N O L O G Y  
Tnr\/ 
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Department of Agricultural and 
Biosystems Engineering 
Davidson Hall 
Ames, Iowa 50011-3080 
515 294-1434 
FAX 51g 294-9589 
1 ~ 2 ~  
3~~ 
4~ 
5~, 6~ 7~ 
Dear Mr. 2~: 
Approximately 3 weeks ago you should have received Questionnaire #3, the final questionnaire, 
concerning the development of an electronics course for the Agricultural Systems Technology degree 
program at Iowa State University. As of this date, I have not received your response. I realize you 
are a busy individual, but your loiowledge in the electronics area is valuable to our program. 
Please take 15 minutes to complete this last questionnaire and return it by May 13. Another 
questionnaire has been included in this mailing for your convenience. If your ratings will not change, 
simply return the questionnaire in the enclosed reply envelope. If you do not wish to participate, 
please return the form and indicate so. 
Kindly disregard this letter if your response is en route. 
Sincerely, 
Neal Schlautman 
(515) 294-1320 
INSTRUMENTATION, SENSORS, MONITORS, & CONTROLS COURSE FOR 
THE AGRICULTURAL SYSTEMS TECHNOLOGY PROGRAM AT ISU 
Quest 87 #3 
Directions: This final questionnaire contains identical topics/objectives as Questionnaire #2. In 
addition, the percentage of the experts responding in each category for each topic is given and 
your response for each topic has been highlighted. This will give you an idea of how your rating 
relates to that of the other industry experts. You are asked to rate each topic/objective again, in 
light of this additional information. Feel free to comment if you feel particularly strong about an 
item. 
THANKS: Thank you for your time and assistance. Your willingness to assist our AST 
program at Iowa State is very much appreciated! 
Pressure sensors 
a. diaphram 
Not 
Impoitftnt 
• 
0 
Slightly 
Im^itant 
• 
7 
Moderately 
Important 
• 
52 
Veiy 
Important 
• 
38 
Extremely 
Important 
• 
3 
b. piston 
• 
0 
• 
36 
• 
39 
• 
21 
• 
4 
c. differential pressure switches 
• 
0 
• 
10 
• 
38 
• 
38 
• 
14 
Position/proximity sensors 
a. Linear variable differential transformers 
(LVDT's) • 
0 
• 
17 
• 
55 
• 
24 
• 
3 
b. Encoders 
• 
0 
• 
21 
• 
41 
• 
28 
• 
10 
c. photoelectric (optical) sensors 
• 
0 
• 
7 
• 
21 
• 
62 
• 
10 
d. roller switches 
• 
7 
• 
29 
• 
32 
• 
25 
• 
7 
Load cells 
a. strain gauges 
• 
0 
• 
14 
• 
31 
• 
52 
• 
3 
b. piezoelectric 
• 
0 
• 
28 
• 
38 
• 
31 
• 
3 
(over) 
Speed sensors 
a. magnetic inductive, var. reluctance 0
0 CO 
Slightly 
Importent 
• 
0 
Modeiately 
Important 
• 
35 
Very 
Important 
• 
38 
Extremely 
Important 
• 
27 
b. Hall effect • 
4 
• 
14 
• 
39 
• 
25 
• 
18 
c. doppler effect (radar) • 
4 
• 
21 
• 
39 
• 
29 
• 
7 
d. reed switches • 
0 
• 
18 
• 
64 
• 
14 
• 
4 
e, photo/reflective tape • 
10 
• 
28 
• 
41 
• 
21 
• 
0 
Temperature sensors 
a. thermocouple 
• 
0 
• 
10 
• 
38 
• 
31 
• 
21 
b. thermistor 
• 
0 
• 
11 
• 
54 
• 
28 
• 
7 
c. Resistance temperature detectors 
(RTD's) • 
0 
• 
17 
• 
45 
• 
31 
• 
7 
Moisture sensors 
a. soil moisture (gypsum, tensiometer) • 
0 
• 
21 
• 
31 
• 
45 
• 
3 
b. grain moisture (dielectric, infrared) 
• 
0 
• 
14 
• 
17 
• 
62 
• 
7 
c. humidity 
• 
4 
• 
24 
• 
38 
• 
24 
• 
10 
Liquid level sensors 
• 
0 
• 
21 
• 
28 
• 
34 
• 
17 
Liquid flow sensors 
• 
0 
• 
7 
• 
31 
• 
48 
• 
14 
Gaseous sensors (O2, NHj) • 
0 
• 
41 
• 
35 
• 
21 
• 
4 
. Wind speed/direction sensors • 
0 
• 
45 
• 
41 
• 
14 
• 
0 
. Logic circuits and gates 
• 
0 
• 
27 
• 
24 
• 
28 
• 
21 
12. A/D and D/A converters 
13. Microprocessors 
14. Programmable logic controllers 
15. Counters 
16. Digital displays (LED, LCD, Vacuum 
fluorescence) 
17. Programming of microcomputers using 
assembly code and "C" 
18. Principles of feedback systems 
19. Serial communications on CAN and bit 
bus, computer networking 
20. Signal conditioning 
21. Potentiometers 
22. Bridge circuits 
23. Basic semiconductors (diodes, transistors, 
LEDs) 
24. Advanced semiconductors (FET's, 
MOSFET's, thyristors, UJT's) 
25. Op-amps 
26. Integrated circuits 
27. Agricultural conditions for electronics 
(environments, shock, vibration, 
lightning, chemicals, 12v and 24v DC) 
28. NEMA ratings of components, equipment 
Not 
Important 
SligbUy 
Important 
Modentely 
Important 
Very 
Important 
Extremely 
Important 
• 
18 
• 
47 
• 
21 
• 
14 
• 
0 
• 
14 
• 
24 
• 
31 
• 
31 
• 
0 
• 
10 
• 
38 
• 
28 
• 
24 
• 
0 
• 
21 
• 
41 
• 
35 
• 
3 
• 
3 
• 
10 
• 
38 
• 
35 
• 
14 
• 
7 
• 
17 
• 
28 
• 
34 
• 
14 
• 
0 
• 
14 
• 
31 
• 
38 
• 
17 
• 
10 
• 
28 
• 
28 
• 
27 
• 
7 
• 
3 
• 
24 
• 
31 
• 
35 
• 
7 
• 
4 
• 
7 
• 
41 
• 
24 
• 
24 
• 
4 
• 
17 
• 
45 
• 
24 
• 
10 
• 
0 
• 
3 
• 
24 
• 
45 
• 
28 
• 
0 
• 
36 
• 
29 
• 
32 
• 
3 
• 
0 
• 
25 
• 
47 
• 
21 
• 
7 
• 
0 
• 
10 
• 
45 
• 
35 
• 
10 
• 
0 
• 
0 
• 
10 
• 
24 
• 
66 
• 
0 
• 
10 
• 
38 
• 
31 
• 
21 
(over) 
29. Rectifiers 
Not 
ImporUnt 
90 
Slightly 
Important 
• 
21 
Moderately 
Important 
• 
48 
Very 
Important 
• 
28 
Extremely 
Important 
• 
3 
30. Transformers L_1 
0 
• 
17 
• 
55 
• 
24 
• 
4 
31. Voltage regulators • 
0 
• 
7 
• 
45 
• 
38 
• 
10 
32. Power supplies • 
0 
• 
7 
• 
38 
• 
41 
• 
14 
33. Memory devices (RAM, ROM, EPROM) • 
0 
• 
14 
• 
39 
• 
36 
• 
11 
34. Battery basics • 
0 
• 
17 
• 
42 
• 
24 
• 
17 
35. Regulating bodies (UL, Canadian 
Standards, International Standards Org.) 
• 
7 
• 
31 
• 
31 
• 
24 
• 
7 
36. Connector types and harness layout • 
4 
• 
24 
• 
38 
• 
24 
• 
10 
37. Relays and solenoids • 
3 
• 
7 
• 
28 
• 
41 
• 
21 
38. Low current vs. high current 
considerations (gold plating contacts) 
• 
0 
• 
38 
• 
27 
• 
21 
• 
14 
39. Use of DMM in troubleshooting, 
continuity testing 
• 
4 
• 
22 
• 
19 
• 
22 
• 
33 
40. Computer interfacing • 
0 
• 
7 
• 
38 
• 
34 
• 
21 
41. Component reliability, analysis, statistics • 
0 
• 
21 
• 
34 
• 
31 
• 
14 
42. Short vs. open circuits • 
0 
• 
21 
• 
45 
• 
10 
• 
24 
43. Reading electrical schematics, JIC 
symbols 
• 
0 
• 
7 
• 
17 
• 
38 
• 
38 
44. Data loggers • 
0 
• 
24 
• 
41 
• 
31 
• 
4 
45. Timing devices • 
0 
• 
14 
• 
48 
• 
38 
• 
0 
46. Recording devices • 
0 
• 
17 
• 
45 
• 
31 
• 
7 
Not 
XmpoAnt 
SUghUy 
Impoftant 
Moderately 
Impoftant 
Very 
ImpoAnt 
Extremely 
Impoflant 
47. Software (Labtec, Labtec II, Codas, 
Lotus) 91 • 36 
• 
32 
• 
25 
• 
3 
48. Transient voltages 
• 
0 
• 
21 
• 
24 
• 
41 
• 
14 
49. Clean power, clean ground 
• 
0 
• 
7 
• 
21 
• 
45 
• 
27 
50. Pressure controllers 
• 
0 
• 
32 
• 
43 
• 
25 
• 
0 
51. Temperature controllers 
• 
0 
• 
25 
• 
50 
• 
25 
• 
0 
52. Speed controllers 
• 
0 
• 
29 
• 
39 
• 
32 
• 
0 
53. Position controllers 
• 
0 
• 
25 
• 
43 
• 
32 
• 
0 
54. Visual/audible alarms 
• 
3 
• 
42 
• 
38 
• 
14 
• 
3 
55. Cost analysis of implementing new 
technologies • 0 
• 
38 
• 
28 
• 
17 
• 
17 
56. Transponders 
• 
7 
• 
46 
• 
29 
• 
18 
• 
0 
57. Electrohydraulic systems 
• 
3 
• 
7 
• 
28 
• 
28 
• 
34 
58. Contact bounce, potential effects 
• 
0 
• 
31 
• 
38 
• 
28 
• 
3 
59. Sprayer control system components and 
operation • 14 
• 
21 
• 
34 
• 
24 
• 
7 
60. Electronic controls for ventilation 
• 
10 
• 
28 
• 
31 
• 
28 
• 
3 
61. Solid state vs. electromechanical 
controls • 0 
• 
7 
• 
31 
• 
45 
• 
17 
62. Electromagnetic instrumentation 
a. D'Arsonval 
• 
7 
• 
50 
• 
36 
• 
4 
• 
3 
b. Air core 
• 
3 
• 
54 
• 
29 
• 
11 
• 
3 
(over) 
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L_J 
Slightly 
important 
Modeiateiy 
Important 
Vciy 
Important 
Extremely 
Important 
63. Electromagnetic radiation 
• • • • 
3 28 45 14 10 
64. Multiplexers 
• • • • • 
3 38 35 14 10 
65. Accuracy vs. Resolution 
• • • • • 
3 14 45 24 14 
66. Telecommunication basics (radio, phone, 
cellular, satellite) • 0 
• 
24 
• 
45 
• 
28 
• 
3 
67. Signal rise/decay 
• • • • • 
7 39 36 11 7 
68. Standard data formats & methods (ASCII, 
RS170, RS232, serial, parallel) • 0 
• 
24 
• 
35 
• 
24 
• 
17 
69. Control loops 
• • • • • 
0 21 36 29 14 
70. AC inverters, variable speed control 
• • • • • 
0 24 49 17 10 
Please list any reference materials or audiovisual materials etc. that you think would be helpftil either 
as a teaching resource or as a student reference for this course. 
Title: 
Author (s): 
Publisher; 
Other: 
Complete by April 29, return to: Neal Schlautman 
206B Davidson, ISU 
Ames, lA 50011 
(515) 294-1320 
Thanks for all 
your help!! 
% 
